Set in the context of today's globalized approaches to curriculum reform, the purpose of this study was to compare the teaching and learning of science in Chinese and Australian Grade 6 classrooms. A conceptual framework based on notions of culture and socioeconomic status informed the research design. Case study participants were three teachers of science and 140 students from three elementary schools of high, medium, and low socioeconomic status in Hunan Province, China; and three teachers and 105 students from paired schools in Western Australia. The formal curriculum, the curriculum-in-action, and the experiential curriculum in all case studies in each country were examined. Both qualitative and quantitative data were collected with student questionnaires,
Introduction
Recent science curriculum reforms in developing nations have been driven by the need to improve standards of living and economic development and have resulted in the logical adoption of what is perceived to have been successful in developed nations (Chiu & Duit, 2011; Coll & Taylor, 2012; Guo, 2007) . The most common attributes of these new curricula are their constructivist origins, and the inclusion of student-centered, inquiry-based pedagogies (Coll & Taylor, 2012) . Few, however, are rigorously evaluated in the contextualized educational setting. This is an important issue for countries like The People's Republic of China (henceforth referred to as China) that has, over the past decade, adopted approaches to science education that have closer cultural connections and a longer history of implementation in western countries, like Australia (Ding, 2008) .
In both China and Australia there is evidence of what has been referred to as a global shift (Adamson, 2012; Chiu & Duit; Scott, 2008) in the approaches to science curricula, in China at the beginning of the 21 st Century and in Australia a little earlier, in the last decade of the 20 th Century. Through the development of new curriculum documents, both countries shifted the focus to scientific literacy as the goal of science education, situated social constructive theory as underpinnings, and embraced student-centered and inquiry-oriented pedagogies (Curriculum Corporation, 1994 ; Ministry of Education [China], 2001; 2010) . China and Australia are countries with very different cultural backgrounds based on eastern and western philosophies but we know very little about how global approaches to science curriculum are enacted in different cultures (Coll & Taylor, 2012) . These two countries provide contrasting contexts that allow us to better understand what it is that children in different cultures experience in the classroom during elementary science instruction, and the influence that culture has on the way that 'global' science curricula are delivered (Fensham, 2007) . Comparative, cross national research provides opportunities for collaboration, comparison, and reflection; all of which can lead to improved teaching and learning and improved educational outcomes (Cai & Lester, 2007) . This kind of research is important for both China and Australia as these countries continue to strive to improve the science education for all their students (Australian Curriculum Assessment and Reporting Authority, 2011; Chen, 2004; Wei, 2008a Wei, , 2008b Ministerial Council on Education Employment Training and Youth Affairs, 2008 ). Moreover, cross national studies have the capacity to elucidate contextual differences and provide contrasting perspectives that might enable researchers to notice important differences or similarities about the educational systems involved (Aldridge, Fraser, & Huang, 1999; Coll & Taylor, 2012) . This type of research, therefore, casts critical light on what has been referred to as the "transplantation of knowledge" (Kyriakides, 2006, p. 516 ) from the educational system of one country to another without acknowledging context.
Purpose of the research
The purpose of the research presented in this paper was to investigate how the elementary science curriculum is enacted in China and Australia and to explore the influence of the different cultural contexts on the enactment of the curriculum. In designing the research questions, we found it useful to conceptualize the curriculum as having three representations: the formal curriculum, that is, "the vision elaborated in a curriculum document" (van den Akker, 1998, p. 421) ; the curriculum-in-action, defined by van den Akker (1998) as "the actual instructional processes in the classroom" (p. 422), something that also is referred to as the operational or the which are regarded as beneficial and sacred and the study of books, reading and self-reflection are recommended learning strategies (Leng, 2005) . Reading, learning, and education are often taken as synonyms in China and reading is regarded as a highly effective means of learning and memorization (OECD, 2011) .
While Confucianism is the cultural root of the curriculum in China, the Chinese curriculum has had many influences including Dewey's Pragmatism in the 1920s, Marxist educational ideology in the 1950s, and a national policy of revitalizing China through science and education in the 1990's (Li, 2004) . In 2001, the Ministry of Education (MOE) issued a circular entitled the Guidelines for Curriculum Reform of Basic Education. The circular called for an end to the overemphasis on imparting book knowledge and repetitive rote-learning. The circular stressed the importance of student participation, doing practical work, and enhancing students' capacity in communication and teamwork (Ministry of Education [China], 2001 ).
In contrast with China, Australia's education system largely evolved from the British curriculum and school structures consistent with its colonial past and current Commonwealth status. As in the UK and the USA, curriculum documents in Australia through the 1970s and 1980s were based on behavioral objectives that reinforced didactic forms of teaching where the teachers inculcated knowledge, skills, or affective dispositions into learners by informing them about what they should do and how they should behave (Scott, 2008) . The influence of theorists such as Bruner (1966) and the earlier work of Vygotsky (1978) challenged these didactic approaches and influenced curriculum documents and teaching approaches in the west by bringing attention to the social and cultural aspects of teaching and learning (Tytler, 2012) . These new perspectives positioned learners as constructing knowledge through contextualized experiences inside and outside the classroom, and through interaction with other people. In 1989, the Australian Education Council published A Statement on Science For Australian Schools (Curriculum Corporation, 1994 ) that provided a framework for curriculum development for all Australian states and territories. The documents were underpinned by a social constructivist and student-centered approach to learning and teaching (Dawson & Venville, 2012) . This statement initiated movement away from rigid syllabus documents to more flexible curriculum frameworks in each of the Australian states including Western Australia, the state where this research was conducted (Curriculum Council, 1998 (Curriculum Council, 1998) was the official curriculum at the time this research was conducted. In 2012, when this paper was being written, Australia was implementing a national curriculum for the first time.
The current, national elementary science curriculum in China, Science Curriculum Standard (3) (4) (5) (6) for Full-time Compulsory Education, issued by the MOE in 2001 has three content strands, namely World of Living Things, World of Materials, and Earth and Beyond. Enhancing the scientific literacy of all students and helping them to understand the essential nature of science is the core of this science curriculum. Further, the science curriculum is not only designed to meet the needs of individuals, it also is designed to promote social development, and science inquiry (APEC Human Resources Development Working Group, 2006; Division of Primary Education Ministry of Education [China], 2002) . In Western Australia, the Curriculum Framework Learning Statement for Science (Curriculum Council, 1998) consists of two key domains: working scientifically (an inquiry domain), and understanding concepts. Within understanding concepts there are four main content outcomes, namely, Earth and Beyond, Energy and Change, Life and Living, and Natural and Processed Materials. Within working scientifically, students are expected to investigate and to communicate their findings. The following section explores the empirical literature that describes the science curriculum-in-action (van den Akker, 1998) in China and Australia.
Empirical research on the curriculum-in-action in China and Australia "Confucian-heritage" culture classrooms are known for their large class sizes of more than 40 students, highly authoritarian learning climate, expository teaching methods, and examinationoriented learning (Biggs, 1996, p. 46) . According to Stigler and Stevenson (1991) there is a common western stereotype of the Asian teacher as an "authoritarian purveyor of information, who expects students to listen and memorize answers and procedures rather than to construct knowledge themselves" (1991, p. 43) . Some research has confirmed that, with Confucianism as the main conception of teaching, many science teachers in mainland China and other Asian countries prefer an authoritarian, directed style to their teaching practice, and tend to dominate most of the class time with lectures (Gao, 1998; 1995; Chang & Mao, 1999) . Students are said to be used to being passive and are not accustomed to participating in cooperative learning (Aldridge, et al., 1999; Chang & Mao, 1999) . Teachers explained that the way they teach, for achievement rather than conceptual understanding, is constrained by a crowded curriculum and the importance of examinations (Aldridge, et al., 1999; Cortazzi, 1998) . Researchers also have provided more insight into Confucian heritage-based instruction. For example, Cortazzi (1998) revealed teachers' strong expectations of group conformity which was attributed to "collective orientation" (1998, p. 43) . He found that the interactive whole-class teaching style had a rapid pace with a variety of activities, lots of active involvement, and both verbal and cognitive participation from students.
Empirical research of science teaching and learning in Chinese classrooms since the implementation of the new curriculum in 2001 is very limited (Zhong, 2006) and it is difficult to know the degree to which the new initiatives have been implemented in schools. However, surveys on the implementation of the science curriculum in Shanxi Province (Hu, Han, & Liu, 2007) and Hunan Province (Zhou, 2006) revealed that the majority of students in the participating rural schools were taught by teachers without a specialization in science, and were often engaged in rote-learning.
The actual picture of the teaching and learning of science in elementary schools in Australia was found by Goodrum, Hackling, and Rennie's (2001) extensive, national study to be quite different from the ideal one, but reflecting considerable variability. At one end of the spectrum, it was found that science was not taught at all in some elementary schools. At the other end, elementary science was taught in a highly student-centered and activity-based manner, which students tended to enjoy (Goodrum, Hackling, & Rennie, 2001) .
The Trends in International Mathematics and Science Study (TIMSS) video study (Lokan, Hollingsworth, & Hackling, 2006) , a comprehensive study of the eighth grade science teaching in five countries, including Australia, found that about 90 percent of Australian science lessons included practical activities, which were directed or guided by the teacher and undertaken by students working in groups. Some Australian educators have expressed their concern that the actual methods of school science in Australia are too simplistic and that authentic scientific investigations are rarely performed (Nall-Bird, 2004) . Science teachers who participated in the TIMSS video study tended to distribute equal time to whole-class instruction and group work. According to Australian teachers' feedback in the (TIMSS) 2007 Report, only four percent of Australian teachers reported that they used textbooks as a primary resource for the teaching of elementary science (Martin, Mullis, & Foy, 2008) .
Socioeconomic status and educational outcomes in China and Australia
Little is currently known in western, developed nations about the educational attainment of Chinese students in science due to mainland China's previous lack of participation in international comparative tests such as PISA (Programme for International Student Assessment) and TIMSS (Trends in Mathematics and Science Studies). For the first time Shanghai-China and Hong Kong-China participated in PISA 2009 where these educational jurisdictions performed first and third best in the ranking of 34 participating Organisation for Economic Co-operation and Development (OECD) countries on scientific literacy. Shanghai-China (575 score points) and Hong Kong-China's (549 score points) 15 year-old students achieved, on average, significantly higher than Australian 15 year-old (527 score points) and the OECD average (501 score points) (Thomson et al., 2011) . Shanghai-China's performance on China's debut in the PISA 2009 tests stunned educators around the world (Dillon, 2010) . It has been acknowledged by officials administering the test that the results from Shanghai are not representative of the whole of China (Dillon, 2010) . Shanghai is an industrial powerhouse that is said to attract many of the best students in the country. The outstanding results from Shanghai, however, were said to be as a sign of China's rapid modernization and also an indication of what China could achieve in years to come (Dillon, 2010) .
While Shanghai-China performed in an outstanding way in PISA 2009, other research shows substantial disparities between urban and rural areas, and between coastal regions and other regions in school spending in both elementary and lower secondary schools in China (Tsang & Ding, 2005) . Further, the gap between China's urban and rural children's educational attainment has been shown to be the dominant component in educational inequality (Qian & Smyth, 2005) . This research indicates that while Shanghai and Hong Kong schools have been able to achieve remarkable results that top the world in rankings in science achievement, there is a vast population of children in schools in rural regions and in the middle and western provinces of China whose science education may be far from optimal.
Australia also has problems with regard to equity in science education. The findings from PISA 2009 showed statistically significant differences in scientific literacy between 15 year-old Australian students in the highest and lowest quartiles based on socioeconomic background equivalent to about two and a half years of schooling (Thomson et al., 2011) . Similarly, there were significant differences in scientific literacy between students attending metropolitan schools, provincial schools, and remote schools (Thomson, et al., 2011) . Using data from the Australian 2003 PISA, McConney (2010a, 2010b) found that increases in the mean socioeconomic status of a school are associated with individual academic achievement, regardless of the socioeconomic status of the student. Moreover, analysis of the TIMSS 2007 data indicated that parental education, used as a proxy for socioeconomic status, was highly positively correlated with student achievement in science in both Grade 4 and Grade 8 and that the gap between students in remote schools and those in other schools in Australia was particularly large (Thomson & De Bortoli, 2008) .
Significance of the research
This paper presents a first attempt to compare how elementary school science is taught and experienced in Chinese and Australian elementary classrooms. The significance of this research is that it addresses aspects of science teaching and learning that Fensham (2007) claims the large multi-national tests such as PISA and TIMSS fail to do: "the reports of these two projects give very little sense of what the students are experiencing day by day with their teachers in the science classrooms, and how this can be improved" (Fensham, 2007, p. 168) . This research provides insight into the pedagogical practices in elementary school science lessons in two countries with different cultures and different traditions in education.
This research is significant because it takes into consideration the cultural differences in the ways that the elementary science curriculum is delivered and the variation with regard to socioeconomic status within each of the countries. As the world moves towards a more globalized science curriculum, it is important that we critically examine the adoption of more standardized approaches to the teaching and learning of science in different cultural contexts (Anderson, 2007; Coll & Taylor, 2012) , and the disparities between the achievement of students in schools of different socioeconomic status (Perry & McConney, 2010a) . In-depth case studies of classroom teaching practice are useful ways to gain insight into what is happening for students in their day-to-day learning of science and to explore contexts around disparities in student achievement. This study examines the teaching of science in elementary classrooms across two countries with eastern and western traditions, in the context of the adoption of contemporary approaches to curriculum, and in schools of differing socio-economic status. As indicated previously, the study is unique, but also multilayered. This research provides us with valuable insight into the adoption of global approaches to science curriculum in different countries, and the complexities and interaction of culture and socioeconomic status with these curricula.
Methods
The research design was a multiple, comparative case study (Yin, 2003) of the teaching and learning practices of six Grade 6 teachers of science, three in China and three in Australia. This study was designed to explore the way the formal curriculum was organized (Research Question 1); the curriculum-in-action, or what the teachers did to teach elementary science (Research Question 2), and, the experiential curriculum, or the students' perceived experiences during science instruction (Research Question 3). The examination of each of these aspects of the curriculum is a form of triangulation of data sources that enhances the rigor of the research (Patton, 2002) and provides a richer understanding of classroom activities from both observer and student perspectives. The last semester of Grade 6 was considered the most appropriate time in elementary school to conduct the research because students in both countries have received a minimum four years of science instruction and were, therefore, likely to understand what science is, know when their teachers were teaching science, and recognize different approaches to teaching.
The research was conducted in Hunan Province, central south China and Western Australia. Hunan is an inner and agricultural province, located at the middle reach of the Yangtze River. It covers an area of 211,800 square kilometers and has a population of about 66 million, of which Han Chinese account for 89.9 percent and minority ethnic groups the remainder. Changsha is the capital city and the province has abundant natural resources including non-ferrous metals and non-metallic minerals (Hunan Provincial Government, 2011) . Situated in the southern hemisphere, Western Australia is the largest state in Australia covering a land area of over 2.5 million square kilometers. The population is only 2.3 million, almost 75 percent of whom live in the capital city, Perth. The state has abundant resources in iron ore, nickel, aluminum, gold, and natural gas. Approximately 29.3 percent of the people living in Western Australia were born in another country, and 12.4 percent speak a language other than English at home (Australian Bureau of Statistics, 2011). Both Hunan Province and Western Australia have a comprehensive education system compulsory for nine and ten years respectively (The Department of Education of Hunan Province, 2011; Thomson, Ainley, & Nicholas, 2007) .
Six teachers, three from each country and each with a minimum of ten years teaching experience, were selected as the keystone of each case study. A number of steps were taken to facilitate the comparison of the case studies including selecting three pairs of teachers from high, medium, and low socioeconomic status schools, each school from a similar geographic location and a similar sector (Table 1) . A total of 140 Chinese students and 105 Australia students participated in the research. The schools in which the case studies were located were represented by the notation: C1 (n=46), C2 (n=44), and C3 (n=50), C1 being the high socioeconomic school and C3 the low socioeconomic school in China. Similarly, the schools in Australia were represented by the notation: A1 (n=31), A2 (n=34), and A3 (n=40) ( Table 1 ).
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The socioeconomic status of the three Australian schools was determined through a metric called Index of Community Socio-Educational Advantage (ICSEA) that is available from the federal government's 'My School' website (http://www.myschool.edu.au). The socioeconomic status of the three Chinese schools was estimated through the principals' reports on a questionnaire about the school's demographic characteristics, resources, and environment. The questionnaire was based on the Chinese version of the TIMSS 2007 school questionnaires (http://www.sec.ntnu.edu.tw/NSC/TIMSS/TIMSS.htm). Previous research conducted in these same schools showed that there were no statistically significant differences in the science understanding of Grade 3 children in the paired schools (Tao, et al., 2012a) ; however, Grade 6 children in the medium and low socioeconomic schools in Australia were found to have significantly better conceptual understanding of science than their Chinese counterparts (Tao, et al., 2012b) . The paired schools also were matched for a number of other important variables. Both C1 and A1 are fully government funded and situated next to the campus of a prestigious university in a capital city. Students and teachers in both schools had considerable access to facilities that support education such as museums, municipal libraries, science centers, and cultural and international events. Both C2 and A2 are government funded with a small financial contribution from the students' parents. The financial contribution from parents results in both schools being well resourced and principals of both schools reported active participation and interest from parents in the students' education. Both low socioeconomic schools, C3 and A3, are fully government funded and located in a semi-rural area approximately 1.5 hours by car from the province/state capital city. Most children attending these schools lived in the immediate locale and their parents generally had working class occupations such as farmers or factory workers. Principals of both schools reported that children generally came from comparatively poor families and the schools experienced associated issues such as difficulty with teacher recruitment and lack of access to resources.
Data collection and analysis
Three main forms of data collection were used to answer the research questions including 1) a teacher interview, including a school tour and document collection, 2) lesson observation, and 3) a student questionnaire. Each of these methods of data collection is elaborated below.
Teacher interviews, school tour, and document collection
To gain insight into how the formal science curriculum was organized (Research Question 1), an interview, that incorporated a school tour and document collection, was conducted with each case study teacher. The interview protocol (Appendix A) was developed to focus on issues indentified by Appleton (2007) for elementary school science and included questions about the teacher's specialization, teaching resources, instruction time, textbook use, and the facilities availability at the school such as a science laboratory and/or science equipment. The interview also included a tour of the school and observation of the science laboratory or classroom and storage facilities for science equipment if they existed in the school. During the interview and school tour with the science teacher, relevant documents including teaching programs were photocopied and returned to the teacher. Interviews were audio recorded and digital photographs were taken of the science facilities in each school. The semi-structured interview took approximately 20 minutes for each teacher (120 minutes in total for all six teachers). The school tour and document collection took an additional 45 minutes to an hour, (approximately 5-6 hours in total for the six schools). The data were analyzed around the issues raised by Appleton (2007) listed above and used to generate a table summarizing information relevant to Research Question 1 about how science is organized in each case study.
Lesson observation
Lesson observations were conducted in order to collect data about the science curriculum-inaction (Research Question 2). One science lesson in each case study was observed by a researcher from China and a researcher from Australia. One lesson from each case study was considered sufficient as one aspect of the triangulated data used for this study. Each teacher was consulted about an appropriate time for the classroom observation and to ensure the observed lesson reflected their typical approach to the teaching of science in Grade 6. In all cases, the teacher invited the researchers to observe the next science lesson. It was considered important that researchers from both cultures visited all case studies in both countries so that interpretations of the data could be compared and discussed from the different cultural perspectives. This approach enhanced the rigor of the research through a processes termed "analyst triangulation" (Patton, 2002, p. 556) . In China, one of the researchers whose mother tongue is Mandarin consecutively interpreted the lesson to the English speaking researcher.
The duration of observation was approximately 45 minutes for each science lesson in China and Australia (250 minutes in total). Field notes and audio recordings were used to collect data using an observation protocol (Appendix B) developed from Walker and Adelman's (1975) guidelines and observation points (pp. 7-19). The use of both field notes and audio recordings is a form of triangulation of sources (Patton, 2002) . The field notes and audio recordings were analyzed based on the observation protocol to generate a summary of each lesson outlining the topic of the lesson, the activities observed during the introduction of the lesson, the body of the lesson, and the lesson conclusion. The summaries were developed by one observer and checked and discussed with the second observer. Some minor modifications were made to the summaries as a result of the discussion and reference back to the raw data.
Student questionnaire
A student questionnaire was administered to all participating 6th graders in all case studies to collect data that reflected the experiential curriculum (Research Question 3). The questionnaire included nine items on students' perceptions of classroom instructional practices related to science teaching, which were selected from the TIMSS 2007 student questionnaires, . The questionnaire asked students how frequently they perceived participating in the following activities: 1) looking at something like the weather or a plant growing and writing down what I see; 2) watching the teacher do a science experiment; 3) designing a science experiment or investigation; 4) doing a science experiment or investigation; 5) working with other students in a small group on a science experiment or investigation; 6) reading books about science; 7) memorizing science facts; 8) writing or giving an explanation for something I'm studying in science; and, 9) working out science problems on my own. (The complete student questionnaire is presented in Appendix C.) Students responded on a scale of four statements including: 'at least once a week', 'once/twice a month', 'several times a year (rarely)' or 'never'. The TIMSS 2007 Technical Report provides detailed information on the reliability and validity of the questionnaire (http://timssandpirls.bc.edu/TIMSS2007/techreport.html). The student questionnaire also was pilot tested with non-participating Grade 6 students in a different school. A full report of the pilot study is available in Tao (2012) .
The students' responses to the questionnaire items were assigned scores of three, two, one, and zero for the most to the least frequent activity and entered into a SPSS (Statistical Package for the Social Sciences) database. Due to the ordinal (ranked) nature of the data, non-parametric approaches to statistical analysis were used (Allen & Bennett, 2008) . The statistical analysis involved two main phases, between country and within country. The between country phase employed a Mann-Whitney U Test to identify any statistical differences between the responses from the participating Grade 6 students from China and Australia (Allen & Bennett, 2008) . The within country phase employed a Kruskal-Wallis One-Way ANOVA to search for statistically significant differences in the responses of students from case studies in schools of different socioeconomic status within China and within Australia. Where statistically significant differences were found, a series of Mann-Whitney U Tests was conducted to ascertain between which of the three case studies in each country the differences were located (Allen & Bennett, 2008) . Follow up analyses were conducted to ascertain effect sizes as suggested by Allen and Bennett (2008, p. 237) to quantify the magnitude of the difference that we found between the two groups. The z statistic from Mann-Whitney U Tests were converted into r and Cohen's (1988) conventions used to describe the effect size (r = .1 small, r = .3 medium, r = .5 large). The effect sizes give an indication of the practical importance of the findings (Berben, Sereika, Engberg, 2012) .
Findings
The findings are presented in three sections that address the research questions. The first section presents the findings of the organization of the formal curriculum in each case study based on the teacher interview, school tour, and document collection. The second section presents findings about the curriculum-in-action in each case study based on lesson observations. The third section presents the quantitative data on of the experiential curriculum from the student questionnaire.
Organization of the formal curriculum
An overview of the science teaching context in each case study, including teachers, teaching resources and facilities, and instruction time, is presented in Table 2. A notable difference in the way the participating schools organized their curricula is that the Chinese teachers tended to include about double the number of hours science instruction each week compared with the Australian teachers ( Table 2 ). Our interviews with the Chinese science teachers revealed that the number of hours allocated to science per week is based on the Instructional Time Planning For Compulsory Education Courses, issued by the Department of Education, Hunan Province. In Australia, decisions about time spent teaching science are made at the school level and ultimately depend on the classroom teacher.
Another notable difference was that the teacher in all high and medium socioeconomic case studies in both countries (C1, A1, C2 and A2) described themselves as a 'science specialist' (Table 2 ) and spent considerable time teaching science in their personal timetable. In comparison, the teacher from the Australian low socioeconomic case study described himself as generalist elementary teacher but said that he had some science background from his high school education. The teacher from the low socioeconomic Chinese case study said her area of expertise is Chinese literacy ( Table 2 ). The Chinese high socioeconomic case study (C1) was the only school to have a science laboratory, two other schools (A1 and C2) had science storerooms (Table 2 ).
All teachers in the Chinese case studies said they were required to use either the national or provincial versions of a mandated science textbook to guide their lessons (Table 2 ). According to the Chinese science teachers, all science textbooks have a student's book and a teacher's book. The teacher's book provides guidelines on how the lesson should be prepared and taught, including the learning outcomes, materials needed for activities, and lesson steps. Table 3 provides an overview of the information included in the teacher's book for each of the lessons observed in each of the Chinese case studies. There are no mandated instructional materials for science teaching in elementary schools in Australia. Teachers have the responsibility of determining which, if any, science textbooks are used by teachers and students. The teachers in the Australian case study schools said they generally prepared their own teaching materials including classroom worksheets. Only the teacher in the Australian low socioeconomic case study (A3) used student worksheets from a textbook called Transition Science, An Integrated Curriculum Approach, Science 7-8 (Curriculum Branch Education Department of Western Australia, 1986) . Teachers from the low socioeconomic schools in both countries explained that they had difficulty preparing the materials and equipment required for hands-on activities and they could only use whatever was available to them in the near locality.
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The curriculum-in-action
In this section the findings from the lesson observation are provided in Table 4 . The topics of the science lessons observed in the six case study schools varied considerably and included the expansion and contraction of air (C1), building bridges (A1), magnetism (C2), bird watching (A2), water pollution (C3), and plant growth and sunlight (A3). Despite the diversity, we noted important trends in the lessons by scrutinizing the findings and comparing what we saw with what would be expected based on the formal science curriculum in each country.
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Our observations indicated that teachers in the high and medium socioeconomic case studies in both China and Australia (C1, C2, A1, and A2) all conducted practical activities as part of their lessons but the teachers in the low socioeconomic case studies (C3 and A3) did not (Table 4) . Another observation was that the practical activities in the Chinese high and medium socioeconomic case studies (C1 and C2) were closed activities, that is, the expected outcome of the activity was known and planned by the teacher, for example, exploring known magnetic properties (Table 4 ). The actual processes of the lesson observed in each Chinese case study (Table 4) indicated that the science lessons delivered in C1 and C2 were in alignment with the teacher's book with only minor modifications ( Table 3) .
Practical activities observed in the high and medium socioeconomic case studies (A1 and A2) in Australia were open-ended, that is, the findings of the investigations were unknown and each group of students or student was likely to come up with their own unique finding/outcome. For example, A1 students were required to design and build idiosyncratic bridges (Table 4) .
Group work was a common feature in the lessons observed in high and medium socioeconomic case studies in both China and Australia (Table 4) . For example, students in C1 worked in small groups to conduct an experiment on the expansion and contraction of air. While students in the low socioeconomic case study in Australia (A3) worked in pairs to discuss dependent and independent variables, this lesson did not involve the students in conducting practical work or solving problems in groups (Table 4) . Further, the teachers in both low socioeconomic schools required students to individually write notes, either from the blackboard or on a worksheet (Table 4 ). The only lesson that did not involve small group work at all was the lesson observed in the Chinese low socioeconomic case study (C3) where students worked almost the entire lesson either individually or as a whole class (Table 4 ). According to the guide for lesson preparation, this 'water pollution' lesson was supposed to have elements of picture demonstration, group discussion, and group work on a simple water purification experiment (Table 3) ; however, these elements were missing.
A number of other pedagogies were noted in the observed lessons (Table 4) . For example, at the beginning of some lessons, teachers asked a number of questions to help students recall what they did in the previous lesson (C2, C3, A3) (Table 4) . Some teachers engaged students with an hypothesis (C1), or challenging question (C2), and then drew their attention to a new task they were going to solve in the observed lesson (Table 4) . Other teachers engaged students at the beginning of the lesson with pictures (A1), a guest speaker (A2), a demonstration (C1), and an arm-wrestle role play to represent 'strong' and 'weak' magnetic forces (C2) ( Table 4) .
There were a couple of pedagogical strategies observed in the case study classrooms that seemed to be different between the Chinese and Australian schools. For example, students in the Chinese high and medium socioeconomic case studies (C1 and C2) chanted important facts at the end of their lessons on the expansion and contraction of air and magnetism (Table 4) , but chanting was not observed in any of the Australian elementary science lessons. Another difference noted was that student presentations of work were evident in two of the observed lessons in Australia, A1 and A2 (Table 4) , but not in any of the lessons in Chinese schools.
The experiential curriculum
In order to understand the experiential curriculum as perceived by the students (Research Question 3), items on the student questionnaire probed how frequently they perceived participating in nine activities as listed in the Methods section. In this section of the findings, the comparative, between country, Chinese and Australian student perceived frequencies of all nine activities are initially considered. Subsequently, the patterns and trends among the Chinese case studies (C1, C2, and C3) and the Australian case studies (A1, A2, and A3) are explored.
Between country comparisons of classroom learning activities
The Mann-Whitney U Test indicated that the participating Chinese students, on average, perceived that they participated in the majority of activities in the student questionnaire (8 of 9) more frequently than the participating Australian students (Table 5) . Additionally, the MannWhitney U Test showed that the Chinese Grade 6 students reported significantly higher frequencies of participating in the following activities compared with their Australian counterparts: making observations, watching the teacher conduct a science experiment, reading science books, memorizing science facts, giving an explanation about what they are learning, and working on science problems on their own. The effect sizes indicated the magnitude of these statistically significant differences between the groups for these activities were all medium or large (Table 5 ). No statistical difference was found between Chinese and Australian students reported frequencies of designing a science experiment, conducting a science experiment, and working in groups on a science experiment (Table 5) .
According to the Chinese Grade 6 students, the three most frequent activities they participated in during science class were writing or giving an explanation of what they were learning, reading books about science, and watching the teacher conduct a science experiment (Table 5) . Students also reported more frequently memorizing science facts and working on science problems on their own than other learning activities such as making observations, working in small groups on an experiment, and conducting a science experiment. The least frequent activity that Chinese students reported was designing a science experiment (Table 5) .
In contrast with the Chinese students, the three most frequent activities reported by the participating Australian Grade 6 students were designing a science experiment, conducting a science experiment, and working in small groups on a science experiment (Table 5) . Students also reported more frequently making observations and working on science problems on their own than other activities, such as memorizing science facts and watching the teacher conduct a science experiment. The two least frequent activities that Australian students reported were reading books about science and giving an explanation of what they are learning (Table 5 ).
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Within country comparisons of learning activities
The results from the Kruskal-Wallis Test (Table 6 ) indicated that, across the Chinese case studies of different socioeconomic status, statistically significant differences were found in the following activities: watching the teacher conduct a science experiment, doing a science experiment, working in small groups on a science experiment, memorizing science facts, and working out science problems on their own. Further, the Mann-Whitney U Test (Table 7) revealed strong trends across the high, medium, and low socioeconomic case studies. The higher the school's socioeconomic status, the greater the students' reported frequencies of being engaged in watching the teacher conduct a science experiment, conduct a science experiment themselves, and work in small groups on a science experiment. The lower the school's socioeconomic status, the more often students perceived they were engaged in memorizing science facts. Students from the medium and low socioeconomic schools (C2 and C3) reported higher frequencies of working out science problems on their own compared with the students from the high socioeconomic school (C1). The students in the low socioeconomic school (C3) reported the lowest perceived frequency of participating in group work. Our classroom observations were consistent with this finding with the children in the low socioeconomic case study in China the only ones not to be observed participating in group work.
Across the Australian case studies of different socioeconomic status, the Kruskal-Wallis Test indicated statistically significant differences in students' perceptions of participating in the following activities: designing a science experiment, conducting a science experiment, and writing or giving an explanation of what they were learning (Table 6 ). Further, the MannWhitney U Test of these three activities (Table 7) revealed that the higher the school's socioeconomic status, the more often students reported being engaged in designing a science experiment and conducting a science experiment. Significant differences in students' perceptions of participating in these two activities were evident between the high and medium socioeconomic case studies, and between the high and low socioeconomic case studies (Table 7 ). Table 7 also shows that students from the high and medium socioeconomic case studies (A1 and A2) reported significantly higher frequencies of writing or giving explanations of what they were learning than the students from the low socioeconomic case study (A3). Australian students in all schools were just as likely as each other to perceive working in groups on a science experiment and this was confirmed by our observations. Insert Table 6 and Table 7 about here
Discussion
The data on the organization of the formal curriculum in China and Australia revealed cultural and socioeconomic complexities. In China we found considerably more centralized control of how science is taught in elementary schools. This was indicated by standardized instructional time for science teaching, as well as standardized science textbooks corresponding to the national science curriculum. The teacher's books provide detailed guidelines for lesson preparation and implementation. Meanwhile, such standardization was not evident in Australia with the teachers expressing more autonomy in the classroom. Aldridge et al. (1999) observed Grade 8 and Grade 9 science classes in Australia and Taiwan and found that the majority of Australian teachers tried to use a variety of innovative and creative teaching methods and had considerable freedom to decide how the content of the curriculum was delivered.
Across both countries, high and medium socioeconomic case studies had science specialist teachers and the low socioeconomic schools had teachers who did not self identify as being a science specialist. Research has shown that teachers' science content knowledge influences their instructional practice and the classroom culture (Appleton, 2007) . Consequently, it is reasonably possible that because the teachers in the low socioeconomic case study schools were not specialists, they had a diminished capacity to deliver science lessons that aligned with the formal curriculum. This was illustrated in the observation in the low socio-economic class in China which was taught by a Chinese literacy teacher who avoided the group work recommended in the teacher's book.
Ideally, "excellent facilities, equipment and resources support teaching and learning" of science (Goodrum, Hackling, & Rennie, 2001, p. vii) . Unlike the high and medium socioeconomic schools that had a science laboratory and a science storeroom respectively, the low socioeconomic case study school in China was not equipped with such facilities. Another factor related to resources is that the Chinese case study classrooms had a considerably higher student to teacher ratio compared with the Australian case studies. It is possible that the large number of students in the Chinese classrooms may explain the observed tendency for Chinese teachers, but not Australian teachers, to use chanting as a teaching strategy and the observed tendency for Australian teachers, but not Chinese teachers, to allow students to make individual or group presentations to the class. Goodrum et al. (2001) said that in the ideal classroom, "class sizes make it possible to employ a range of teaching strategies and provide opportunities for the teacher to get to know each child as a learner and give feedback to individuals" (p. vii). Having a large class or a small class can impact instructional choices (Martin et al., 2008) .
Our findings revealed that the Chinese teachers reported teaching elementary science about double the time reported by the Australian teachers and a consistent finding was that the Chinese students perceived participating more frequently than the Australian students in eight of nine activities listed on the student survey. In other words, much more science was reported to be conducted in the Chinese case studies compared with the Australian case studies. With twice the amount of teaching and learning of science happening, it would be expected that the students would have considerably better science achievement, which research in these settings demonstrated was not the case (Tao et al., 2012b) . In fact, the students in the Chinese medium and low socioeconomic case studies were underperforming compared with their Australian counterparts. This finding may be of concern for the Chinese case studies. Does it mean that much of what was happening in the Chinese case study classrooms, in particular those in the medium and low socioeconomic schools, was ineffective or not consistent with contemporary curriculum reform and corresponding assessments? This issue warrants further investigation because issues related to whether increased instructional time in science results in increased achievement, or whether the nature of what occurs in the increased time makes a difference have important policy implications.
The results from the student questionnaire, presented in Table 5 , show a complete mirror image of Chinese and Australian students' perceptions of the activities they most frequently participate in, and those they least frequently participate in during elementary science lessons. On the surface, this would indicate radically different approaches to the teaching and learning of science in these countries; however, we found the differences between the countries were not as straight forward. When we examined the data more closely, complexities related to the socioeconomic status of the schools and alignment (or lack thereof) between the formal, inaction, and experiential curricula became apparent.
Of the nine activities listed on the student questionnaire, the top two most frequent activities in this study for the Chinese Grade 6 students when learning about science were writing or giving an explanation, and reading books about science. These two activities were the least frequent activities for the Australian students. There was very little variation within the schools of different socioeconomic status in China with regard to students' perceived frequency of reading books or writing in science. These findings for the Chinese Grade 6 students aligned with China's cultural background as described earlier. Confucian philosophy encourages Chinese people to revere books and strongly advocates the use of book work for education Li, 2004) . We note tension between the traditional cultural values and the new approaches to science education promoted by the Chinese Ministry of Education who advocated in 2001 that educational approaches should rely less on imparting book knowledge (Ministry of Education [China], 2001 ). In contrast, Australia is probably less culturally attached to book work in science.
According to the TIMSS 2007 Report (Martin et al., 2008) only four percent of Australian teachers reported that they used a textbook as a primary resource. Our finding that the participating Australian children reported rarely participating in writing or reading a book about science, is consistent with the cultural background in Australian schools influenced by theorists such as Bruner (1966) and Vygotsky (1978) . These theorists focused on the importance of the contextual and social aspects of learning over the nature of learning that is more likely to occur through pedagogies that involve students in individual reading and note taking. An interesting complexity in our study is that the teacher in the low socioeconomic case study school was the only Australian teacher to use a textbook in the observed lessons. This finding is interesting because textbook use is more consistent with behaviorist, transmissive approaches to education, which were the cultural norm in Australia in the 1970s and 1980s (Scott, 2008) .
Memorizing science facts was the fourth most frequent activity for Chinese students on the questionnaire and the sixth most frequent activity for Australian students; however, the Chinese students perceived participating in this activity far more frequently than the Australian students. We also noticed that in two of the three Chinese lessons (in the high and medium socioeconomic case studies), students were involved in chanting important information during their science lesson, but this did not happen in any of the observed lessons in Australia. Memorizing, like book work, is an educational activity that is regarded by Confucian philosophy as an appropriate educational strategy (Leng, 2005) . However, when we look more closely at the degree to which students within the Chinese case studies felt they participated in memorization of science facts, we noticed considerable within country disparities. The students from the high socioeconomic case study, who are the highest achieving of the Chinese students (Tao et al., 2012b) , reported significantly less frequently participating in memorizing science facts than their peers in the medium and low socioeconomic cases studies. This within country disparity suggests that the teaching and learning activities in the high socioeconomic case study are more consistent with those advocated by the Chinese Ministry of Education who called for an end to the overemphasis on repetitive rote-learning (Ministry of Education [China], 2001). There were no within country differences with regard to memorizing science facts in Australia.
Research has shown that high quality dialogue through small group work in the classroom has the potential to increase student interest in learning and achievement in science (e.g. Mercer & Littleton, 2007) . There was no significant difference on the students' questionnaire in the overall frequency with which the Chinese and Australian Grade 6 children reported working in small groups on science experiments. However, the Chinese children ranked this activity seventh most frequent and the Australian children third most frequent activity of nine. There also was strong within country disparity on this item in China with the students in the high socioeconomic school significantly more likely to report participating in small group work on a science experiment than the children in the medium and low socioeconomic schools. Further, a significant within-country difference was found in China on the item about independently working on science problems, with the students in the medium and low socioeconomic schools more likely to report participating in such individual, independent work.
Teamwork and cooperative learning were advocated by the Chinese Ministry of Education with their move to the new curriculum in 2001 (Ministry of Education [China], 2001). Our findings support our assertion, made above, that the students in the high socioeconomic school in China are exposed to a curriculum that is more consistent with China's formal, documented curriculum. Confucius philosophy teaches that while education is a community responsibility, learning is about self-cultivation, an individual activity (Leng, 2005) . Confucian heritage children are not accustomed to being encouraged to talk with other students within the classroom, or to participating in cooperative learning (Change & Mao, 1999) , and it is possible that adapting to the use of group work may be more challenging for the teachers and students in the lower socioeconomic case studies. Individual work, more consistent with Confucian philosophy, may be a viable and attractive alternative teaching approach for the teacher in the lower socioeconomic school in China.
There is a considerable body of research showing that inquiry-based instruction, advocated in both the Chinese and Australian curriculum documents, potentially provides significant advantages for science learning and is positively related to student achievement in science (Cobern et al., 2010; Fogleman, McNeill, & Krajcik, 2011) . The findings from this study showed that Chinese students perceived more frequently participating in passive, closed practical activities, such as making observations and watching the teacher do an experiment. In contrast, the Australian students reported spending a greater proportion of their science lessons participating in active, open tasks, such as conducting and designing science experiments. Within both countries, there were disparities, based on the socioeconomic status of the case study schools with regard to practical and inquiry-oriented activities. In China the reported frequency of observing and participating in practical activities increased with socioeconomic status, as did the reported frequency of participating in active, open inquiry-based classroom activities in Australia.
The Western Australian curriculum (Curriculum Council, 1998) requires students to learn how to design and conduct science investigations and that students be taught investigative skills so that they can make their own decisions about what data to collect and methods to use. Science educators in Australia have argued for a number of years that students need to participate in open investigation work if they are to develop the investigation skills, problem solving abilities, and understandings of evidence that are at the heart of scientific literacy (e.g. Hackling, 1998) . These arguments are consistent with the work of theorists, like Bruner, who argued that students make sense of scientific knowledge by sharing and participating in scientific culture, including participating in inquiry (Scott, 2008) . Despite these strong cultural factors, disparities in the degree of implementation of the inquiry aspects of the formal science curriculum were evident across schools of different socioeconomic status in the Australian case studies.
In the Chinese national curriculum (Ministry of Education [China], 2001), students are encouraged, but not required, to plan their own investigations as part of their homework or extracurricular activities. The standardized curriculum in China requires teachers to conduct recipe-style practical activities, but not open inquiry activities where the students are actively involved in asking their own questions or designing their own investigations. This is a conservative approach to the curriculum which, it could be argued, does not entirely reflect the reform documents which promote social development and science inquiry (Division of Primary Education Ministry of Education [China], 2002) . Confucian teachings require students to be active, thoughtful learners Li, 2004) , and emphasize deductive thinking (Cai, 2002) . While deductive thinking is one important aspect of scientific inquiry, an inquiry approach to teaching science is less about transmitting information and explaining concepts in an authoritarian manner, and more about the teacher facilitating students thinking and enabling them to actively participate in an inquiry process (Anderson, 2007) . The findings from this study again indicate discord between the traditional Confucian approaches to teaching and learning in China that are deductive and the nature of the reform documents that advocate an inquiry approach to teaching and learning. Moreover, it is possible that the challenges of incorporating hands-on, practical tasks in the classroom rendered the culturally acceptable, Confucian-based transmission style of teaching science more attractive to the teachers in the lower socioeconomic schools than the requirements of the reformed, formal curriculum (Anderson, 2007) .
Conclusion
This research investigated the implementation of the elementary science curriculum in China and Australia in the context of globalization of curriculum reform that advocates scientific inquiry as the goal of science education, and student-centered and inquiry-based pedagogies. We found that the teaching and learning of elementary science was centrally controlled in China where teachers used curriculum-based textbooks for students and followed scripted lessons from the teacher's book. In Australia, teachers had more freedom to design their own science lessons. Despite the central control, our findings indicated that in contrast with reform documents in China, the inaction and experiential curricula in elementary science were strongly influenced by traditional Confucian philosophy. Participating Chinese students reported more of their science lessons being taken up by activities such as writing, reading textbooks, memorizing facts, and working out science problems on their own. In Australia, where there has been a longer historical influence from social-constructivist theorists such as Bruner and Vygotsky, the in-action and experiential curriculum more closely aligned with the formal curriculum documents. Participating students in Australia reported that their lessons were more likely to involve activities such as designing, planning, and doing science experiments, and working in small groups.
While the cultural explanations for the differences in in-action and experiential curricula between the two countries are plausible, our findings also revealed a number of complexities with regard to the socioeconomic status of the schools in which the case studies were conducted. The holistic picture we ascertained from the findings was that in both countries, socioeconomic status was an important variable that impacts the implementation of global reform approaches to science education including inquiry-oriented and student-centered pedagogies. Our findings indicated that the higher the socioeconomic status of the schools in which our case studies were conducted, the more likely the implemented and experienced classroom activities were consistent with the relevant formal curriculum and vice versus. Our findings also indicated that the within country differences amongst schools of different socioeconomic status in China were more apparent than the within country differences in Australia. We speculate that this cross national difference may be due to Australia having a longer educational cultural history with theorists advocating teaching and learning practices that are consistent with the current Australian elementary science curriculum documents. China has had a more recent, and possibly more abrupt, transition through the reform process. It is possible that for the lower socioeconomic schools in China, teaching approaches consistent with Confucian philosophy are viable, culturally acceptable alternatives. Moreover, it is probable that the large class sizes in China, compounded with limited access to resources of various kinds in the lower socioeconomic schools, magnified the viability of culturally traditional approaches to science education.
We acknowledge that the small samples of teachers and students that participated in our six case studies in China and Australia are not representative of all children and teachers in either of these vast countries. In light of the findings of the current research, however, it may be helpful for future research to examine more closely the curriculum-in-action, and experiential curriculum in Chinese, Australian and other nations' elementary science classrooms. Future research should more deeply examine teachers' pedagogical content knowledge, classroom discourse, and the interactions between teachers and students in order to better understand the way that crosscultural and socioeconomic differences impact on the implementation of the science curriculum. Our findings raise questions about the transplantation of globalized approaches to the science curriculum and the impact these approaches have on students in countries with different cultures. In particular, our findings raise questions about whether such transplantation widens the achievement gap between students in schools of different socioeconomic status. Finally, investigating the advantages and disadvantages of maintaining aspects of traditional cultural approaches to teaching and learning in contextualized classroom settings may be of considerable value to educators in developing nations. The students:  worked in groups and set up tripod for heating a beaker of water  put a bubble of water into a plunger  placed the plunger into the hot water and observed the bubble of water  placed the plunger into cold water and observed the bubble of water
The teacher:  drew the students' attention to the front  asked the students what they observed The students:  explained their findings  chanted the results
A1
Building bridges
The teacher:  showed pictures of world famous bridges  gave children reading materials on types of bridges  reviewed the concept of 'tension'
The students:  worked in groups and wrote down the bridges they know  worked individually and tested the strength of different types of paper  worked in pairs and felt the tension by pulling and pushing each other  individually designed bridges  worked in groups and built bridges with pop sticks, ropes, straws and glue The students:  worked in groups and explored materials with bar magnets and recorded the results  came to the front of the class in pairs and performed an arm wrestle as an analogy of 'strong' and 'weak'  worked as a whole class to find the strongest part of a bar magnet by counting the number of paper clips the teacher could hang from each pole and the middle  worked in groups to explore a magnetic field using a magnet and iron filings
The teacher:  asked students which materials they found magnetic  summarised important facts about magnets  retrieved the paper clip from of the test tube with a magnet  collected children's group work report sheets
The students:  chanted facts about magnets A2 Bird watching (Scientist in Schools Program)
The teacher:  invited a scientist into the classroom and introduced the program of bird watching  took students to the bush land located directly behind the school
The students:  observed birds and completed bird log books
The students:  in groups of three or four created a bird data base, including type of bird, physical features, gender, size, eating habits, numbers of birds  discussed in small groups a specific bird that they were interested in and watched  presented information about specific birds to the whole class including a wood pigeon and a pink and grey galah
The teacher:  assessed students' investigation skills through their presentations and the completeness of each group's bird data base  conducted a whole class discussion summarising the data students had collected
C3
Water pollution
The teacher:  reviewed the previous lesson by asking questions  wrote the topic on the blackboard  read from the textbook while students silently followed the text
The students:  raised hands to respond to the teacher's questions  wrote down notes from the blackboard in their notebooks  participated in a whole class discussion about the causes of water pollution
The teacher:  summarised important facts on the blackboard  Gave students homework
A3
Variables in a plant growth experiment
The teacher:  recalled the last experiment on plant growth  asked students about their findings  gave out work sheets and asked the students what variables were in the experiment
The students:  worked individually using dictionaries to look up the meanings of dependent and independent variables  worked in pairs and discussed the independent and dependent variables in their last experiment  raised hands to give their answers to the teacher
The teacher:  paraphrased the meaning of dependent and independent variable  wrote students' answers on the white board  collected the students' work sheets 
see--------------------------------------------------------------------------------b) I watch the teacher do a science experiment------------------------------------------------------------------------------------------c) I design or plan a science experiment or investigation----------------------------------------------------------------------------------d) I do a science experiment or investigation------------------------------------------------------------------------------------------------------e) I work with other students in a small group on a science experiment or investigation------------------------------------------------------------------------------------------------f) I read books about science----------------------------------------------------------------------------------g) I memorise science facts---------------------------------------------------------------------------------------h) I write or give an explanation for something I am studying in science---------------------------------------------------------------------------------------------------------i) I work science problems on my own-------------------------------------------------------------------------------------------------------------
